Inspired by the profound physical connotations and potential application prospects of the valleytronics, we design a two-dimensional (2D) WS2/h-VN magnetic van der Waals (vdW) heterostructure and study the control of valley degree of freedom through the first-principles calculations. A considerable spin splitting of 627 meV is obtained at the K valley, accompanied with a strong suppression of that at the K' valley. An intrinsic large valley splitting of 376 meV is generated in the valence band, which corresponds to an effective Zeeman magnetic field of 2703 T. Besides of the valence band, the conduction band of WS2 possesses a remarkable spin splitting also, and valley labelled dark exciton states are present at the K' valley.
I. INTRODUCTION
Valleytronics in 2D materials is of fertile ground for fundamental science as well as of great practical interest toward the seamless integration of information processing and storage. [1] [2] [3] [4] Valleys, which label the degenerate energy extreme of conduction band or valence band at special k points (K and K'), have large separation in the momentum space that enable valley pseudospin very robust against phonon and impurity scatterings. [5] [6] [7] In order to distinguish and manipulate the carriers at defined valleys, the K and K' valley degeneracy should be lifted to introduce the valley polarization. Plenty of exotic properties, such as quantum spin/valley anomalous Hall effect, [8, 9] valley dependent optoelectronics, [10, 11] magneto-optical conductivity [12] and electrical transport of valley carriers [13] [14] [15] have been explored in valley-polarized systems. Searching feasible approaches to realize valley polarization is of fundamental importance.
Breaking the balance of carriers in the inequivalent valleys is necessary to realize valley polarization, and previous studies have provided various strategies. [7, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] One was using an ultrafast circularly polarized laser pump to break the valley degeneracy through the optical Stark effect, [16, 17] another was applying a vertical magnetic field by taking advantage of the Zeeman effect. [18] [19] [20] However, optical pumping is not suitable for valleytronic applications owing to the difficulty in control, and the efficiency of external magnetic field is usually too low that 1T magnetic field can only give rise to a splitting of 0.1-0.2 meV. Some scientists tried to achieve the valley polarization in manganese chalcogenophosphates by coupling the valley degree of freedom to the antiferromagnetic order, and manipulated the splitting by doping. [21, 22] Unfortunately, this way turned out to be rather modest. It was found that considerable valley splitting can be achieved through magnetic proximity coupling by constructing heterostructures with magnetic substrates such as EuO, [23] CoO [24] , MnO [7] and EuS, [25] but the bulk substrates intrinsically limit the device applications in nanoscale.
Moreover, owing to the polycrystalline nature and small Spin density distribution shown in Fig. 2 (e) indicates a ferromagnetic coupling within the heterostructure, and the induced magnetic moment of W atom is 0.2 μB, which is four times of the reported 0.05 μB induced by MnO bulk [7] .
As a result, the spin splittings at the K and K' points differ largely.
The large valley splitting can be attributed to the It is notable that, the band dispersions at the  point locate between the K and K' points for the TVB, the energy of up-spin at  point is merely 52 meV higher than that of up-spin at K' point, as marked in Fig. 2 Interfacial orbital interaction is closely associated with the in-plane and interlayer spacing of the heterostructure.
Given this, strain engineering is expected to be a promising way to control the spin-valley splitting. By employing a various in-plane strain from -3 to 3 %, as shown in Fig. 3(a Besides of the strain, interlayer spacing is also adjusted to manipulate the spin-valley splitting, as shown in Fig. 3(b) and Fig. 3(d) . In the K valley, the spin splitting is increased from 443 to 627 meV when the interlayer spacing reduces Hall conductivity has been developed, namely, the Wannier interpolation, which is based on the well-constructed
MLWFs. [37] To ensure the calculation accuracy of the Wannier base functions, the tight binding band structure using the MLWFs is calculated and shown in Fig. 4(a) . The band dispersion is found coincided well with the DFT result proposed.
